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Summary.-The properties of human benign prostatic hyperplasia (BPH) and rat
prostate were compared after culture in the absence of insulin and testosterone.
Quantitative methods were used to assess changes in tissue composition and the
height of the epithelial cells. BPH appeared less sensitive than rat prostate to
withdrawal of hormone support, and the changes which occurred during culture of
BPH were more typical of a repair mechanism to injury than of a castration effect.
Cell kinetics was investigated using [1251] iododeoxyuridine and vincristine. Both
approaches demonstrated a spontaneous surge in proliferative activity of BPH
reaching a peak at about Day 4. In contrast, proliferative activity in rat prostate
tended to fall over the period of2-8 days ofculture. The significance ofthese findings
in terms of age linked effects is discussed.
ORGAN culture has attractions for the
study of the hormone dependence of the
human prostate. Tissue architecture is
preserved, which is of importance in view
of the reported interdependence of the
stromal and epithelial elements (Franks
et al, 1970). Furthermore, the tissue can
be maintained for sufficient time for effects
to be assessed both on proliferation and
differentiation. This approach has been
used successfully to demonstrate that
rodent prostate undergoes regressive
changes when cultured in the absence of
androgen (Lasnitzki, 1965) and that these
changes can be prevented if the medium
is supplemented with androgens (Baulieu,
Lasnitzki and Robel, 1968).
Although human prostatic carcinoma
has also been shown to respond to testo-
sterone in culture (McMahon, Butler and
Thomas, 1972), studies on benign prostatic
hyperplasia (BPH) have been less suc-
cessful in characterizing morphological
changes in culture which can be attributed
either to withdrawal of androgen support
or to the stimulatorv effects of added
testosterone (McMahon and Thomas, 1973;
Harbitz, 1973; AMeRae et al., 1973). How-
ever, these studies on BPH are open to
the criticism that the culture medium was
routinely supplemented with insulin,
which has been demonstrated to have
stimulatory effects on rodent prostates in
culture (Lostroh, 1968; Santii and
Johansson, 1973; Fuller et al., 1974).
Theobjectivesinthepresentstudywere
to develop methods for the quantitation
of proliferation and differentiation in
cultured BPH and to apply these tech-
niques to a comparative study of reg-
ressive changes in BPH and rat prostate
when cultured in the absence ofandrogens
and insulin.
MATERIALS AND METHODS
BPH w%as obtained from open prostatec-
tomy, placed in a sterile container and stored
at 4°C during transit. Tissue slices, wi-eighing
about 15-20 mg and ofabout 1 mm thickness
were prepared from 1 cm2 square blocks cut
from the biopsy specimen.
Rat ventral prostates, from 8-9 week old
Wistar rats, were removed and teased into
2 mm diameter portions.
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5-[1 251]-Jodo-2'-deoxyuridine([1251] UdR;
1-6 Ci/mg) was obtained from the Radio-
chemical Centre, Amersham. Vineristine
sulphate (Oncovin) was obtained from Eli
Lilly Ltd and made up into a 00()2% aqueous
solution containing 0-90o sodium chloride and
0-900 benzyl alcohol.
Culture.-Explants were placed on a
cellulose acetate strip (Oxoid Electrophoretic
strip No. 50) supported on a stainless steel
grid in a Petri dish containing Eagle's mini-
mum essential medium (3 ml) supplemented
with 10% (v/v) calf serum (Tissue Culture
Services), benzylpenicillin (3 ,ug/ml) and
streptomycin (7 ,ug/ml). The dishes were
placed in a McIitosh and Fildes jar and
gassed with humidified 95% 02 and 50% CO2-
The medium was changed every 2 days.
Analysis of tissue components.-The cul-
tured explants were fixed in Bouin's fluid and
submitted to routine paraffin histology. Sec-
tions (7 lim) were stained with haematoxylin
andeosin. Therelative volumesofthe3 basic
components (stroma, epithelium and space)
ANere measured using a modification of the
method of Chalkley (1943). The eyepiece
graticule was divided into quadrants encom-
passing 25 randomly distributed points.
Using a Zeiss projection microscope, the
image of section wias projected on to a blank
sheet of paper. The outlines of about 30
alveoli -were drawn. Epithelium was classi-
fied into 3 types: squamous/cuboidal,
columnar and stratified (Fig. 1). Using a
map measurer, the total length of basement
membrane occupied by each type of epi-
thelium was measured and expressed as a
percentage.
Indices of proliferation-.A 0.02% solu-
tion ofvincristine sulphate (20 ,ul) was added
to the culture medium. Between 2-3000
alveolar epithelial cells were counted and the
number of metaphases recorded. Appro-
priate corrections for section thickness were
used(Abercrombie, 1946;PhilpandBuchanan,
1971).
Unless otherwise stated, 2 tuCi [1251] UdR
in 50 ,ul 0.9%o sodium chloride solution was
added to the culture medium 6 h before har-
vesting. Explants were then removed, blot-
ted and weighed. Tissue was fixed in alco-
holic Bouin's fluid for 24 h and washed 4
times in 700% alcohol to remove unbound
isotope (Micklem, 1972; Pritchard and
Micklem, 1972; Fidler, 1970). Samples were
thencountedinaPanaxV-160isotope counter.
RESULTS
Jlorphological analysis: pilot studies
Biopsy specimens of BPH and rat
prostate were examined to determine the
percentage volumeoccupiedbyepithelium,
stroma and space. Each sample was
scored using a total of 100 fields, which
covered most of the section analysed.
From each pool between 10 and 100 results
were extracted at random with increments
of 10 fields between successive group sizes.
For each group of results the mean num-
ber of points over each tissue component
was calculated. The standard error, as
a percentage of the mean, decreased
rapidly until about 40 fields had been
scored, and this number of fields was used
in all subsequent analyses.
The distribution of tissue components
thoughout serial sections of 4 explants of
BPH cultured for 2 days is shown in
Fig. 2. Two of these explants were
exposed to vincristine for the last 4 h of
culture. Significant numbers of arrested
cells were present throughout the depth
of the tissue and not confined only to the
surface region. There was, however, a
drop in numbers towards the upper surface
of the explants. In further studies, only
sections from the middle of the explants
were scored.
No metaphases were seen in either
fresh or cultured BPH not exposed to
vincristine.
Comparison of rat ventral prostate and
BPH in culture
The proportions of stroma, epithelium
and space were determined. Using the
same histological sections, alveolar epi-
thelium was classifiedinto 3 typesand their
relative proportions calculated. Results
are summarized in the Table.
Regressive changes in rat prostate
during culture were reflected by a fall in
the percentage of columnar epithelial cells
from 72 to 33%0 with a corresponding
increase in the squamous/cuboidal and
stratified epithelia, in the ratio 2: 1.
Nearly halfofthe alveoli in 4-day cultured
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FIG. 1.-Epithelial types inBPH: A, Squamous; B, columnar; C, stratified x 600.
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TAiBLE. Ti>.>iee Analysis of Explants of Rat Prostate and Human Benign Prostatic
Hyperplasia
% Tissue composition (±s.e.)
Epithelitum Stroma Spaco
Rat prostate*
Biopsy
Day 4 culture
Benign prostatic
hyperplasiat
Biopsy
Day 2 culture
Day 4 culture
% Epithelial composition ( Ls.e.)
Squamouts/ Columnar Stratified
Cuboidal
26-:3L1-2 :37-4 4-7 36-3 3-7 17-5±8-4 72-1 :3-7 10-1+4-7
17-0±0-4 40 0-0-2-1 43-2t-2-0 42-72-4.1 32-7±2-!) 24-6±2-7
11-8 *80-9 69-5± 1-4
10-2 40-5 77-8 1- 0
11*1 -4-0-5 76 - 1±0 9
18-4 0-° 7
12-0 0- 7
12-7±0-7
17-2±3-3 52-8±4-0 24-6±2-9
16-5±2-4 2 35-7±2-5 45-44 1-
14-5±2-4 536-6± 2-5 48-5 I-" ]*6
*3 animals; 12 explants/treatment. t 15 specimens; 4 explants/specimen/treatment.
rat prostate were ofthesquamous/cuboidal
variety.
A different pattern was seen for BPH.
Stratified epithelium became the dominant
cell type in the cultured tissues. The pro-
portion of squamous/cuboidal epithelium
was not significantly changed. Neither
the Chalkley nor the epithelial analysis
revealed any significant difference between
explants of BPH cultured for 2 and 4
days.
Effects ofculture on the netaphase incidence
Explants of BPH were cultured for
2 days and removed at 2, 4 and 6 h after
vincristine administration. The number
C
0
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E
0
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FIG. 3.-In vivo metaphase accumulatioin in rat ventral prostate following
vincristiine (1 mg/kg body weight).
of metaphases/103 cells were respectively:
0-66±0-23; 6418±0-8; 10-6±2-3 (n=6
using material from one tumour). The
iiumber of metaphases increased linearly
with time after a lag period of 1P7 h.
Explants from 8 tumours were cultured
for 2 and 4 days, and exposed to vincris-
tine for the last 4 h of culture. The mean
number of metaphases/103 cells/h on Day
4 (2.76L0.19) was approximately double
that on Day 2 (1P40+0 32), indicating
increased proliferative activity with time
in culture.
Rat prostate was used in order to
compare the mitotic activity in vivo with
that after 4 days in culture. The cell
production rate in vivo was calculated
from the regression line of the number of
cells entering metaphase/103 cells for
animals exposed to vincristine for 2-6 h
(Fig. 3). The metaphase accumulation
was 0.6/103 cells/h, equivalent to a
turnover time of 67 days.
Fewer metaphases were seen in cul-
tured rat prostate. The average meta-
phase accumulation in tissue cultured for
4 days was 0.45/103 cells/h (mean value for
3 animals), corresponding to a turnover
time of 93 days.
adlministration of
[125]I UdR incorporation
BPH was cultured for 2 days and
[1251] UdR was added for the last 2-8 h
of culture. The radioactivity in the
explants was determined after elution of
the unbound isotope with alcohol. There
was a linear relationship between the con-
centration of the residual [1251] in BPH
and time of exposure to iododeoxyuridine
(Fig. 4). The incorporation of [1251]
iododeoxyuridine into rat prostate was
also linear with respect to time of incuba-
tion (Fig 5).
The incorporation of [1251] tended to
be slightly greater when the tissues were
cultured in the presence of calf serum.
In all subsequentexperiments, explants
were exposed to [1251] iododeoxyuridine
for 6 h before harvesting.
Incorporation of [1251] iododeoxyuri-
dine wasinvestigatedin 6benignspecimens
cultured for 0-8 days (Fig. 6). Incor-
poration was low on Day 0, initially
increased with time in culture, then
declined. In 4 ofthe 6 specimens ofBPH,
uptake reached a maximum on Day 4;
with the remaining 2 there was a less
pronounced peak on Day 6.
Despite the fact that 9 replicates were
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FIG. 4.-Concentration of radioactivity in BPH following treatment with [1251] UdR after
2 days in culture. Closed and open circles refer to material cultured with and without calf serum
(10% v/v) respectively.
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FIG. 5.-Concentration of radioactivity in rat ventral prostate following treatment with [1231] UdR
after 2 days in culture. Closed and open circles refer to material cultured with and without calf
serum (10% v/v) respectively.
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FIG. 6.-Uptake of [1251] UdR by 6 BPH specimens for 0-8 days. explants were expose(I t)
[1251] UdR for the last 6 h ofculture. Each point is the mean (±s.e.) for 9 replicat3s.
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FIG. 7.-Relationship between percentage epithelium and uptake of [1251] UdR in BPH cultured
for 2 days (open circles) and 4 days (closed circles) respectively. Mean values (±s.e.) are
for Chalkley analysis of 3 sections from each explant.PROLIFERATIVE ACTIVITY OF RAT AND HUMAN PROSTATE
used per determination in the above
experiments, the standard error was in
some cases quite large. This may well
reflect marked variation in the cellular
composition of the explants within each
treatment group. In such cases, a highly
significant correlation between the con-
centratioii of [1251] and the percentage
epithelium intheexplants couldbedemon-
strated and this allowed a precise
estimate to be made of the increase in
DNA synthetic activity during culture.
Comparison of the slopes of the lines for
2 and 4 day cultured material (Fig. 7),
showed that uptake [1251] was 2.4 times
greater on Day 4.
Addition of calf serum resulted in
increased uptake without altering the
overall pattern of incorporation (Fig. 8).
In contrast to BPH, rat prostate
showed a gradual decrease in uptake of
[1251] UdR over the period of 2-8 days in
culture: Day 2, 20O9±3-7; Day 4, 15-6±
3 0; Day 6, 16-2±5-4; Day 8, 8 9±2-9
(mean values±s.e. for d/min per mg wet
weight; n 9).
4._
3
-
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DISCUSSION
The results for the quantitation of the
alveolar epithelium in fresh and cultured
BPH reflected the morphological changes
described previously by Harbitz (1973),
McMahon and Thomas (1973) and McRae
et al. (1973). There was some decrease
in the size of the gland lumina in the
cultured explants. The epithelium gen-
erally retained its in vivo appearance, but
metaplasia and epithelial outgrowth were
seen in acini transected at the medium/
explant surface. Thus there was a sig-
nificant increase in the proportion of
stratified epithelitum during the first 2 days
ofculture, mainly at theexpenseofcolum-
nar cells. In rat prostate, cultured
under essentially the same conditions,
the change from columnar to squamous/
cuboidal epithelium was more striking.
These findings support the impression
that BPH is less sensitive than rat prostate
to withdrawal ofhormone support and the
changes which occur during culture of
BPH are more typical of a repair mech-
0 2 4 6 8
Days in culture
VFie. 8. Effect of sertum oln the uptake of [1251] UdR inclture(d BPH. Mlean valtues (±s.e.) are
foIr 9 replicates using explants from a sinigle tuimour.
41
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anism to injury (McMahon and Thomas,
1973) than of a castration effect.
Although morphological changes in
BPH did not significantly progress after
2 days in culture, there was a pronounced
increase in DNA synthesis and cell
division between Days 2 and 4.
The cellkinetics oftheculturedexplants
was investigated using the metaphase
arrest agent vincristine, which has been
shown to have advantages over Colcemid
and vinblastine for in vitro studies (Riches,
Littlewood and Thomas, 1972). An
accurate estimate of the cell production
rate requiresalinearincreaseinthenumber
of metaphases/103 cells with time and
must be measured from the regression
line (Smith, Thomas and Riches, 1974).
Although this could be demonstrated in
earlierstudieswithmurineadenocarcinoma
in culture (Riches, et al., 1972), the number
of metaphases seen in cultured explants
of BPH was relatively small and it was
difficult to test for linearity. The lag
phase of 1 7 h suggests that diffusion ofthe
arrest agent may be relatively slow in this
type of tissue, and may explain why
Harbitz (1973) noted metaphase accumu-
lation in only one of 4 experiments in
which BPH was exposed to Colcemid for
2 h after 2 and 4 days ofculture. Thusthe
data given in the present work, based on
4 h exposure to vincristine, probably
under estimate the cell production rate of
culturedBPH. However, the 4h accumu-
lation of metaphases provides a useful
comparative index ofproliferative activity
between the various treatments and
demonstrates greater cell division on
Day 4 than on Day 2 of culture.
The observed increase in proliferative
activity during culture correlated well
with the DNA synthetic activity as
measured by the uptake of labelled iodo-
deoxyuridine. [3251] UdR is specifically
incorporated into DNA (Hughes et al.,
1964) and has provided a useful approach
to measurements of cellular proliferation
and cell loss (Dethlefsen, 1974; Micklem,
1972) as the problems of reutilization
inherent with [3H]-thymidine are reduced
(Dethlefsen, 1971, 1974; CliftonandCooper
1973). It has an additional advantage
over [3H]-thymidine in that uptake of
radioactivity can be coupled to an exami-
nation of the morphological features
of the explant without the necessity of
using autoradiographic techniques. This
advantage has been used to demonstrate
a highly significant correlation between
uptake of [1251]-iododeoxyuridine and
percentage epithelium in the explants.
This approach also indicated activity
on Day 4 was double than on Day 2, and
that the uptake of labelled iododeoxyuri-
dine was decreased after longer periods of
culture. The overall pattern of uptake
with time is consistent with that noted by
McMahon and Thomas (1973) for the
incorporation of [3H]-thymidine into
DNA and by Harbitz (1973) using an
autoradiographic technique.
Thus, as a consequence of culture there
there was a spontaneous and transient
increase in proliferative indices. This
pattern was not influenced markedly by
the presence or absence of serum.
Stimulatory effects, as a result of
culture, have also been reported for other
sex hormone dependent tissues. Mueller,
Herranen and Jervell (1958) and Russell
and Thomas (1974) have noted enhance-
ment, in the absence of oestrogen, of
several metabolic parameters in cultured
uterus. Kahn (1954) observed keratin-
ization of mouse vaginal epithelium in
culture. Thus, the possibility that the
culture conditions may spontaneously
leadto effectsreminiscentofthosenormally
expected under hormone stimulation is
an added complication in assessing the
value of organ culture in the study ofhor-
mone dependent tissues.
Morley, Wright and Appleton (1973)
suggest that variations in proliferation
indices, as a result ofandrogen stimulation
in the castrate mouse, are more likely to
be the result of changes in the proportion
of proliferating and non-proliferating
compartments (Go population), rather
than due to a direct effect on the cell
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occurring in organ culture without andro-
gen stimulation and this spontaneous
wave of proliferative activity may well
mask an androgenic effect during
the period when cell division is most
active.
In contrast to the results for BPH,
rat prostate did not show an enhancement
of DNA synthesis and cell division during
culture. It has yet to be determined
whether this represents an inherent differ-
ence between the two tissues or ifit reflects
an ageing phenomena. Simnett and
Morley (1967) have examined the meta-
phase accumulation in the coagulating
gland ofmice ofvarious ages, both in vivo
and during organ culture. They found
that tissue from young mice (aged 3 weeks)
had a high metaphase accumulation in
vivo, but that it fell during culture,
presumablydue to the absence ofandrogen
to maintain proliferative activity. In
material from older animals (up to 44
weeks), however, the metaphase accum-
ulation was low in vivo and markedly
increased during culture. They suggest
that the increased proliferative activity
in vitro appears to be due to isolation
ofthe tissuefrom organizational influences
which inhibit growth in vivo, rather than
to dissection trauma. Thus, the balance
between stimulating andinhibitory factors
maywelldiffer inthe youngandoldanimal
and this in turn reflects changes seen in
organ culture where systemic factors are
removed.
Techniques for defining the prolifer-
ative capacity of human tumours are
difficult to apply in vivo, although some
results are available for BPH. Liavag
(1968) measured the metaphase index
following Colcemid administration 4- h
before surgery and found an average of
94metaphases/lOgtissue. Ontheassump-
tion that the number of cells/g is of the
order of 109, it is evident that the cultured
tissue showed a considerably higher
proliferative activity than that seen in
vivo. In this respect BPH would appear
to be similar to prostate from older mice.
In the latter case the degree ofstimulation
due to culture was about 110-fold (Simnett
and Morley, 1967).
We are grateful to Mr B. H. Price for
the supply of human prostatic specimens
and to the Cancer Research Campaign
for a grant in support of this work.
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